INTRODUCTION
Pneumocephalus refers to the presence of air within the intracranial compartment, which occurs typically from trauma or surgery. Pneumocephalus is rare in the setting of infection without a breach in the calvarium, accounting for only 1% of cases in a historic case series, [1] with the majority attributable to otomastoiditis. e purpose of this paper is to review the current imaging literature to characterize the clinical symptoms, neuroanatomical considerations, inciting pathogens, and clinical course of patients presenting with pneumocephalus in the setting of sinusitis. We reviewed the literature by searching MEDLINE through the United States National Library of Medicine's PubMed online database, using the keywords: Pneumocephalus, sinusitis, meningitis, and infection. Relevant case reports, reviews, and their references were also examined for further sources. For each, we documented the clinical presentation, location of the sinusitis and pneumocephalus, whether imaging identified an osseous defect, and the subsequent clinical course. We further present in detail two additional cases of patients with bacterial sinusitis presenting with pneumocephalus. ese cases and the accompanying review aim to highlight the critical importance of recognizing pneumocephalus as a rare presentation of sinusitis, since it may serve as the first sign of an intracranial complication. Although bacterial sinusitis is a treatable condition with appropriate and timely antibiotic therapy, failure to recognize intracranial extension and delays to prompt surgical drainage could lead to a dire clinical course. improvement in her condition, she presented to the emergency department, where she was found to be mildly confused and agitated, not answering questions appropriately.
A non-contrast computerized tomography (CT) scan of the head [ Figure 1 ] showed complete opacification and expansion of a left posterior ethmoid air cell with hyperattenuating material reported to be a mucocele with chronic inspissated secretions. No paranasal sinus air-fluid levels were identified, and thin-slice reformations with a bone algorithm demonstrated no osseous defect or erosion. However, foci of pneumocephalus were seen in the suprasellar cistern, parasellar region, and cavum septum pellucidum, raising the possibility of a suspicious intracranial process.
A magnetic resonance imaging (MRI) scan of the brain was then performed [ Figure 2 ] which demonstrated basilar meningitis, with leptomeningeal enhancement in the interpeduncular fossa, as well as along the ventral midbrain, pons, and medulla. Lumbar puncture revealed cloudy cerebrospinal fluid (CSF) with an elevated white blood cell count (262/μl, normal 0-5/μl) with 75% neutrophils, consistent with bacterial meningitis. Blood cultures were positive for hemophilus influenzae.
Urgent surgical debridement was performed, with drainage of purulent material from the left sphenoid sinus. e previously reported mucocele in the left posterior ethmoid sinus was found to be a mucopyocele intraoperatively. e patient recovered well after a subsequent course of intravenous antibiotics.
Case 2
A 9-year-old boy presented with a 1-week history of frontal headaches, with intermittent cough and rhinorrhea. Medical history was unremarkable, including a normal birth history and developmental milestones. On the day of admission, he was found to have a fever of 104°F (40°C), and the family reported a possible seizure.
Non-contrast CT of the head demonstrated opacification of the ethmoid and frontal sinuses. e remainder of the head CT was reported to be normal. e patient demonstrated no clinical improvement and was transferred to our institution for further management. Neuroradiological consultation identified a small focus of pneumocephalus in the right frontal extra-axial space, which was initially overlooked [ Figure 3 ]. in-slice reformations through the sinuses failed to reveal an osseous defect or erosion. an epidural abscess [ Figure 4 ]. Leptomeningeal enhancement underlying the abscess in the right frontal lobe was compatible with meningitis.
MRI of the brain was then performed and demonstrated a right frontal epidural fluid collection, most compatible with
Lumbar punctures revealed CSF with slightly elevated white blood cell count (24/μl and 19/μl, normal 0-5/μl) with neutrophilic predominance (91%) indicating bacterial meningitis. e patient underwent emergent functional endoscopic sinus surgery and supraorbital craniotomy for epidural abscess drainage and debridement. e culture of the abscess grew coagulase-negative Staphylococcus aureus and Escherichia coli. e patient was discharged home with intravenous antibiotics.
DISCUSSION
Pneumocephalus as a presenting symptom of sinusitis is rare. In a historical review of 295 cases of pneumocephalus, before the widespread use of cross-sectional imaging, trauma was reported as the most common cause, accounting for 75% of cases. [1] On the other hand, infection is a rare cause of pneumocephalus and is typically otogenic when it occurs. [1] Although sinusitis is often considered a common and benign entity due to the widespread and early use of antibiotics, there is still a reported 4% incidence of intracranial complication. [2] While uncomplicated sinusitis may be symptomatically managed or treated by oral antibiotics, surgical debridement must be initiated promptly when there is an intracranial extension. [2] Missing subtle early signs of the intracranial extension, as in Case 2, could delay proper management and severe neurological damage may occur.
In our review of the literature [ Table 1 ], we found a total of 8 cases of pneumocephalus in the setting of sinusitis. [3] [4] [5] [6] [7] [8] [9] [10] Two cases were reported before the era of antibiotics and imaging. [3, 4] In both cases, chronic CSF rhinorrhea suggested significant osseous erosion by the time of presentation, and both patients died from their intracranial complications. Of the more recent 6 cases, the only two patients who died had fungal sinusitis as the inciting process. [5, 6] Half of the cases reported a visible osseous defect on CT imaging. [6] [7] [8] However, as seen with our 2 cases, neither osseous erosion nor fungal infection is necessary for the development of pneumocephalus and intracranial extension. Several patients previously reported also had significant neurological deficits or meningeal signs that raised the clinical suspicion for an intracranial extension, [5, 8, 9] whereas our two patients reported only mild symptoms of headache and fever and had no concerning clinical signs on initial examination. As a result, the pneumocephalus on non-contrast CT of the head was the only indication of a potentially worrisome clinical course.
In most cases, the location of the pneumocephalus corresponded to the diseased paranasal sinus in closest proximity. Our first patient was found to have pneumocephalus in the basilar cisterns, in close proximity to the patient's sphenoid and posterior ethmoid sinusitis. e location of the pneumocephalus corresponded to purulent material associated with meningitis on subsequent MRI. Many have reported osseous defects in the skull base, which could precipitate the intracranial extension of a sinus infection. Although our patient did not have a detectable osseous defect on CT or during surgery, the lateral sphenoid region may harbor congenital fistulae that would predispose to an intracranial extension. [11] Coughing and sneezing could result in enough pressure to cause a "ball-valve" effect through small fistulae, [12] introducing air, and pathogens into the intracranial compartment.
Small air collections can be difficult to identify. In our second case, the single focus of pneumocephalus in the right frontal epidural space was initially overlooked. On further review, the possibility of intracranial extension and epidural abscess formation from the frontal sinuses was considered. Besides well-established antibiotic treatment regimens, epidural abscess associated with frontal sinusitis is increasingly reported. [13] Patients with frontal sinusitis may have subclinical presentations, which often lead to a delayed diagnosis. Complications such as subperiosteal abscess and osteomyelitis of the frontal calvarium are frequently identified weeks after the onset, when an abscess becomes more visible on CT or the patient reports severe clinical symptoms. [14] In our case, the subtle focus of air on initial CT was the key to timely management.
CONCLUSION
We present these two cases and a literature review to highlight the importance of identifying pneumocephalus as the first sign of intracranial complication in the setting of bacterial sinusitis. Neither osseous erosion nor fungal infection is necessary to produce pneumocephalus, and, although rare, pneumocephalus may be the key to timely diagnosis and management of these patients.
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